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A B S T R A C T
This study investigated changes in the interaction of B-type non-stoichiometric nanocrystalline carbonate-sub-
stituted hydroxyapatite (nano-CHAP) with polar amino acids (AA) with respect to CHAP-AA linking. Molecular
vibrational spectroscopy revealed for the first time that the surface interaction of polar amino acids with de-
fective nano-CHAP is determined not only by the charge state of AA but can be mediated by a foreign ion
conjugated with the lateral bonds of amino acids. Understanding this mechanism of CHAP-AA interaction is
required for the development of the new generation of dental biomimetic materials based on HAP as well as for
their qualitative integration with the amino acid matrix of the dental tissues.
Introduction
The production of natural-like organic-mineral composites with
controllable morphology at the micro- and nano-levels, controlled
physicochemical properties and perfect interaction between compo-
nents is challenging [1–3]. For dentistry purposes, synthesis of such
biomimetic materials using nanocrystalline hydroxyapatite (HAP) and
amino acids (AA) makes it possible to reproduce the composition of the
human dental tissue, to link HAP in the composite matrix and configure
its morphological organisation [4–6]. However, the biogenic apatite of
dental tissue is imperfect in terms of its crystal structure [7], thus, HAP-
AA interactions remain an issue in the incorporation of the foreign ions
into the crystalline lattice of apatite which can interact with the lateral
bonds of amino acids [8]. Recent investigations have shown that the
crucial factor in the formation of biocomposites highly active relative to
the dental tissues and the osseous system is the interaction between
nano-CHAP and AA [1,2,6]. In [6,9,10], it was determined that the
interaction of nano-CHAP-AA can take place through 1) the formation
of a bond between phosphorus-oxygen tetrahedrons of HAP and posi-
tively charged amide groups of amino acids, 2) the substitution of an
OH group in nano-CHAP with the carboxylic group of AA or its bond
with positively charged calcium ions, 3) the incorporation of COO
groups into the structure of nano-CHAP to the defect positions. The type
of interaction depends on the amino acid, its isoelectric point and the
pH of the medium as well as the structure and defects in the nano-CHAP
lattice [2,6,9,11]. Also, it is known that the bond of AA-nano-CHAP can
be mediated by the foreign ions thus changing the type of interaction in
the conditions of a single charge state of the amino acid [10]. Taking
into account the saturation of native dental tissue and HAP based
biomimetic composite with different ions [7,12] and the defective
structure of nano-CHAP [2,8,13], the issues regarding the interaction
between the amino acid complex and nano-CHAP in the formation of
natural-like composites remain unclear, therefore require a thorough
investigation. For this reason, this study aimed to investigate the pos-
sible mechanisms of CHAP-AA interaction in the dental biomimetic
composite by optical molecular microspectroscopy.
Methods
Biomimetic composites modelling the organic and mineral compo-
sition of native enamel and dentin were synthesised using inorganic and
organic components. The inorganic component of the elaborated bio-
composite was nanocrystalline carbonate-substituted calcium hydro-
xyapatite (CHAP). B-type nano-CHAP was obtained from a biogenic
source of calcium (eggshell) and a water suspension of nano-CHAP was
prepared by the precipitation method, by titrating annealed eggshell
powder (calcium hydroxide, Ca(OH)2) with 0.3 M orthophosphoric acid
H3PO4 as described previously [14]. The organic component of the
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synthesised biomimetic composite was a mix of basic polar amino acids
found in the enamel dental tubule. The nano-CHAP suspension was
subjected to ultrasound treatment (55 W) for 5 min before introduction
into amino acid solutions. To register the change in the charge state of
amino acids, aqueous solutions of L-lysine hydrochloride
(C6H15ClN2O2) and L-arginine hydrochloride (C6H15ClN4O2)
(n = 10 mg/ml) were prepared with different pH values (≥11.2,
≥7.55 and ≤5), then aqueous solutions of NH4OH and HCl were
added. The interaction of AA-nano-CHAP in the biomimetic composite
was studied by FTIR spectroscopy (Vertex-70 PlatimunATR, Bruker)
and Raman microspectroscopy (RamMix 532, EnSpectr, λ = 532 nm).
Infrared absorbance spectra were recorded with the resolution of
4 cm−1 within the range of 400–4000 cm−1 using 16 co-added scans.
Raman spectra were recorded with the resolution of 2 cm−1 in the
range of 200–4000 cm−1 using 30 co-added scans.
Results
The vibrational spectra of the pure amino acid complexes (Fig. 1 a,
c, e, g) and those in which nano-CHAP was introduced into AA solutions
(b, d, f, h) are presented in Fig. 1. The change in vibrational char-
acteristics of the lateral bonds in amino acids in the IR (Fig. 1, a, b, c, d)
and Raman spectra (Fig. 1 e, f, g, h) represent the local change in the
conformational environment of AA under the formation of the bond
with the defective structure of nano-CHAP dependent on pH
(pH ≥ 11.2, ≥7.55 and ≤5). The samples of L-lysine (a, b, e, f) shows
mutual changes in intensity for the vibrational modes of COO− and
NH3+ groups in different pH and after the introduction of nano-CHAP
into the AA solution, thus confirming the change in the charge state in
L-lysine with respect to [10]. It is of note that in the presence of nano-
CHAP in the medium with a pH<5, the intensity of vibrations of COO
and CH-groups in the main chain of the AA molecule increased (Fig. 1
b), while for pH ≥11.2 the increase of vibrational bands observed in
the range of 1187 and 1225 cm−1 is related to NH3+[10,15]. This AA
behaviour differs from that proposed in [9,10] and can be explained by
the defective nature of nano-CHAP shown in [14] and by the presence
of vacancies in the OH and PO43− positions, as well as by the charge
compensation during the interaction of nano-CHAP with AA.
Comparison of the spectra of L-arginine samples (c, d, g, h) obtained
from solutions with the addition of nano-CHAP at pH ≥ 11.2, ≥7.55
and≤5 show a small change in the intensity of C-N1-H2 mode for [-NH-
C-(NH2)2]+ guanidine group, localised at 1630 cm−1 in the IR spec-
trum [15] and 980 cm−1 in the Raman spectrum [10]. In addition,
there is also a change in the intensity of the NH3+ mode
(1150–1250 cm−1) in the Raman spectra [16,17]. Low activity of these
molecular groups during the formation of L-ArgHCL-nano-CHAP bond
is explained by the binding of a guanidine group with a chlorine atom,
mediated by desorption of this ion via the AA molecule [9,10]. It should
be noted that for all the biocomposite samples, the introduction of
nano-CHAP into the amino acid solutions (b, d, f, h) affects the change
in intensity of the vibrations for carbon atoms in the main chain Cα, Cβ,
Cγ, Cδ, Cε [10], corresponding to the different orientation of AA mo-
lecules in the presence of nano-CHAP.
Conclusions
Raman and FTIR spectroscopy of biomimetic composites synthe-
sised from AA complexes and nano-CHAP crystals in alkali, neutral and
acidic media revealed changes in the AA-nano-CHAP interactions due
to the transformation of the charge state of the amino acid. The spec-
troscopic data regarding the formation of the biomimetic composite
showed that the formation of the AA-nano-CHAP bond depends on the
type of defect in the crystalline lattice of nano-CHAP and the presence
of foreign ions in the biocomposite.
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